Medulloblastoma (MB) is one of the most common malignant tumors with poor survival in children. Nuclear factor erythroid 2-related factor2 (Nrf-2) and heme oxygenase-1 (HO-1) have been considered to play major roles in the pathogenesis of many tumors. There is no report about clinicopathological significance of Nrf-2 and HO-1 expression in medulloblastoma. In the present study, to explore the expression and potential function of Nrf-2 and HO-1 in MBs, immunohistochemistry was used to examine the Nrf-2 and HO-1 expression in 41 MBs and 27 control tissues adjacent to the tumor. The results showed that in the cases of MB, the positive expression rates of Nrf-2 and HO-1 (82.9% and 78.0%) were significantly increased compared with that (37.0% and 29.6%) in peritumoral control brain tissues. The difference was statistically significant (P < 0.001). A positive correlation between the expression of Nrf-2 and HO-1 in MB (r = 0.542, P < 0.05) was observed. However, there was no definite correlation among the expression of Nrf-2 and HO-1 and the clinical pathological features (P > 0.05). The abnormal expression of Nrf-2 and HO-1 in MB suggest that the Nrf-2/HO-1 pathway plays an important role in the formation and development of MB and may be a potential therapeutic target for MB.
Introduction
Medulloblastomas (MB) is one of the most common malignant central nervous system (CNS) tumors in children [1] [2] . Researches find that MB originated from cerebellum. The cells have high mitotic activity and ability to spread throughout the CNS, and the poor survival rates is partly due to the lack of effective treatment. Evidence has accumulated that oxidative stress and inflamma-tion are closely related to the process of tumor formation and cell proliferation. The current studies found that the antioxidant and anti-inflammatory effects of many drugs occurred through activation of the nuclear factor erythroid2-related factor 2 (Nrf-2)/heme oxygenase-1 (HO-1) pathway. In this study, Nrf-2 and HO-1 expression levels were studied in 41 MB and 27 control brain tissue adjacent to the tumor by immunohistochemistry. The correlations and clinicopathological factors were investigated to clarify the potential target for MB treatment.
Materials and Methods

Patients and Tissues
Medulloblastoma tissue samples from 41 patients and control brain tissue samples from 27 tissues adjacent to the tumor were diagnosed between September 2005 and December 2010 at the Department of Pathology in Chongqing Medical University. The diagnoses of MB were based on a combination of clinical information, morphologic examination and immunohistochemical results.
Immunohistochemistry
Nrf-2 and HO-1 expression were analyzed by immunohistochemistry.
Antigen retrieval was carried out by steaming (20 minutes at 80˚C) in citrate buffer at pH 6.0. The following primary antibodies were used: a polyclonal anti-Nrf-2 antibody (Santa Cruz Biotechnology, CA, USA), diluted 1:200; a polyclonal anti-HO-1 antibody (Santa Cruz Biotechnology, CA, USA), diluted 1:100. Antigen visualisation was achieved by applying a standard streptavidin-perosidase (S-P) method, with diaminobenzidine as the chromogen. Sections treated without primary antibodies served as negative controls.
Assessment of Immunoreactivity
The positive reaction was defined as discrete localization of thechromogen in the cytoplasm and nuclear of all slices. The intensity of cytoplasmic and nucleic reaction were graded as negative (−, positive cells percentage bellow 5%), mild positive (+, positive cells percentage is 6% -25%), moderate positive (++, positive cells percentage is 26% -50%) and strong positive (+++, positive cells are above 51%).
Statistical Analysis
The statistical analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). The parametric variables were analyzed by using spearman rank correlation analysis. P < 0.05 was regarded statistically significant.
Results
Immunohistochemical Expression of Nrf-2 and HO-1 in MB and Control Brain Tissue
We employed immunohistochemistry to evaluate the expression of Nrf-2 and HO-1 in MB and normal brain tissues. The results of the immunohistochemical staining of Nrf-2 and HO-1 are summarized in Table 1 and illustrated in Figure   1 .
Relationship between the Expression of Nrf-2 and HO-1 in MB
The relationship between expression of Nrf-2 and HO-1 are shown in Table 2 , and the expression of Nrf-2 is positively correlated to the expression of HO-1(r = 0.542, p < 0.05).
Relationship of Nrf-2 and HO-1 Expression with Clinicopathological Features of MB
The clinicopathological findings are summarized in non-small-cell lung cancer found that Nrf-2 positive staining was in nearly all cases [5] . Several researches showed the Nrf-2 activity is clearly connected with oncogenic kinase pathways, structural proteins, hormonal regulation, other transcription factors, and epigenetic enzymes involved in the pathogenesis of tumors [6] . In many human cancers, constitutive activation of Nrf-2 caused elevated expression of Nrf-2 target genes confers advantages in terms of stress resistance and cell proliferation in normal and cancer cells.
Discussion
HO-1 is one of the rate-limiting enzymes of the heme oxygenase, it breaks down heme to liberate biliverdin (a powerful antioxidant), ferrous iron (Fe  2+ ) and carbon monoxide (CO). HO-1 expression increased in stress and also constitutively active in many tumor types [7] and HO-1 need to be further studied.
